Requirements of linoleic and linolenic acid in the diet of Indian white prawn Penaeus indicus, (H Milne Edwards) by Chandge, M S & Paulraj, R
Indian Journal of Marine Sciences 
Vol. 27; Sept. & Dec. 1998, pp. 402-406 
Requirements of linoleic and linolenic acid in the diet of Indian 
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and 
R Paulraj 
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Feeding trials using purified diets were carried out for determining the requirements of linoleic and 
lenolenic acid in the diet of In.dian white prawn Penaeus indicus. Nine isonitrogenous and isocaloric 
diets were formulated containing palmitic acid as basal Hpid source. Various levels of ither individual 
or in Iui)lture of linoleic and linolenic acid were used .in these diets. When fed on diet without linoleic 
or linolenic acid (diet J) the prawns exhibited poor growth, food conVers-ion ratio. protein efficiency 
ratio and protein utilisation thus indk.ating that these fatty acidsi1Ite e scntiaJ 11 r growth of P. indicus:_ 
Diet c-ontaining 2% linolenic acid showed hi.gher gr<:)"wth ratethll11 that tontllined 1%. Diet oontaini.ng 
I % linoleic acid .supported significantly higher growth. Among the four diets, compounded witb mixUJre 
of linoleic lind linolenic acid ill different pe~centage and proportion. Diet with a mixture of linoleic and 
linolenic acid Incorporated at 1 % level in the ratio of 0.5 : 0.5 produced superior growth compared to 
remaining diets with higher levels of these fatty acids. 
Although the essential fatty acid (BFA) content of 
crustaceans is very high they are unable to 
Yllthes 'ze these from other saturated fatty acids l . 
Ear]jer nutritional studies have shown that crayfish 
2 J A.slacus astaCtis. be lob ter Homarus gammarus 
and praWn~ Penaeusjaponicu:/i requ're EFAs such 
as linoleic acid (18:2 n-6). linolenicacid (i8:3 0-3). 
eicos.apentaenoi acid (20:5 "-3) and 
docosMexaenoic a id (20:6 n-3) in 'their diet for 
Donnal survival and growtl. KaIlazaWI\ & 
coworkers5.() t~ported the absenc of de novo 
synthesis of these F As from acetate or palmitic 
acid inP/aponicu.ss, P. monodon and 
P.mergulensi ' . . Feeding e periments.ol,M have 
shown that the juveniles of P. japonicus have a 
higher weight gain with diets containing linoleic 
acid (18:2n-6) or linolenic acid (18:3n-3), or 
eicosapentaenoic acid (20:5n-3) or 
docosahexaenoic acid (22:6n-3) than (18: In-9). 
The absence of lenolenic acid (L 8.:3n-3) in diets 
resulted in poor weight gain in the prawn 
P.aztecus lO • Similar observations were found for 
the prawn P. stylirostris 11 • The necessity of 18:3n-3 
and 18:2n-6, for the growth and survival of larval 
stages of P japonicus has been reported l2 . Above 
information suggest that linoleic acid and linolenic 
acid are essential fatty acid in the diet for survival 
and growth of prawns as they lack the ability of de 
novo synthesis of these fatty acids. Normally 
purified ingred.ients ·afe used to study the dietary 
requirement of fatty acids but e-arJier reports l3•IS all 
fatty acid requi rements of P. indicus are by using 
compounded feed containing namral ingredi nts 
which al . contain other nutrients than linolenic 
acid or Ji.Qoleicacid, therefore., it was es ~ntill! to 
study whether these fatty acids alone or in mixture 
aTe required fOl" P.indicw. Ther~fore the present 
e. pcriments were conducted by using all the 
purified ingr,edicllts including linoJeic ac'd and 
linolenic acid to understand their .requirement jn 
diets of juvenile prawn P.indicus, 
Materials and Methods 
Feeding experiments of 30 days duration were 
conducted in the laboratory. About 40 Iitres of 
seawater of salinity 20 ± 2 x 10-3 was used in each 
experimental container, which was aerated 
continuously. Water was siphoned and filtered 
through a biological filter and used for subsequent 
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Table I~omposition of basal diets (%) 
Ingredients gil 00 g diet 
Casein 31.0 
Egg albumin 
Amino acids mixture" 
GlucosamillC: 
Sodium citrate 
Sodium succinate 
Starch 
Glucose 
Sucrose 
Cholesterol 
Lipids2 
Vitamin mixture3 
Mineral mixture4 
Cellulose powder 
Total 
Agar-agar 
Distilled water 
7.5 
5.0 
.8 
0.3 
0.3 
' 12.0 
4.9 
11.0 
0.5 
12.0 
3.2 
8.5 
J.O 
100.00 
5.00 
100-120 ml. 
, Amino acids mixture (glIOO g diet) arginine-I, methionine-
0.5, glycine-2, taurine-0.5, glutamic acid-I. 
2 Lipid mixture-codliver oil:Soyabean 
oil:lecithin in the ratio of 56 : 28 : 16 
J Vitamin mixture (mgliOO g diet) thiamine HCL (81)-4.9, 
riboflavin (82)-8, para. amino benzoic acid-IO, inositol-400, 
niacin-40, calcium pantothenate-60, pyridoxine HCL-12, 
menadione-4, beta-carotene-9.6, alpha-tocopherol (vitamin E)-
20, calciferol- 1.2, cynacobalamin (8 12)-0.8, sodium 
ascorbate-2000, folic acid-0.8, choline chloride-600. 
4 Mineral mixture (glIOO g diet) -K2 HP04-2, Ca(P04h - 2.72, 
MgS04 (7H20) - 3.04, NaH 2 P04 (2H2 0) - 0.79, 
MnS9d~Hi 0) ~O.004,FeS04 (7H·P) &0.015. 
two days. On the fourth day, the entire water was 
replaced with fresh seawater of same salinity. The 
environmental factors maintained for experiments 
are : salinity (20 ± 2 x 10-3), temperature (26' -
29.iC), dissolved oxygen (4.9 - 6.4 mg/l), pH (7 .9-
8.3) and total ammonia-N (0.03 - 0.1 ppm) and 
were within the tolarable limits. 
Nine isonitrogenous and isocaloric purified diets 
were fonnulated and prepared with slight 
modifications4, 14, 16, 17. Composition of the basal 
diet and dietary lipids is given in the Table I and 2 
spectively', Palmitic acid a source f basaJ lipid 
and linolenic acid (18:3n-3) and linoleic acid 
(18 :2n-6) as source of EF As were used in the diets 
1 to 9, A mixture of codliver oil, soyabean oil and 
lecithin was used as lipid source in diet 10. 
Juveniles of P. indicus ranging from 20 to 
24 mm in length, 49 to 53 mg in average wet 
weight and 11.42 mg.in initial dry weight from the 
same brood reared in the prawn culture laboratory 
of CIBA, Narakkal, were randomly selected for the 
Table 2-Composition of dietary lipids / fatty acids in th 
test diets used for juveniles of Penaeus indicus. e 
Diel Dietary lipids / fatty acids used for juveniles 
n • 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
10 % Palmitic acid 
9 % Palmitic acid + I % linolenic acid 
8 % Palmitic acid + 2 % linolenic acid 
9 % Palmitic acid + I % linoleic acid 
8 % Palmitic acid + 2 % linoleic acid 
9 % Palmitic acid + 0.5 % linoleic acid + 
0.5% linolenic acid 
8 % Palmitic acid + I % linoleic acid + 
I % linolenic acid 
7 % Palmitic acid + 2 % linolenic acid + 
I % linoleic acid 
7 % Palmitic acid + 2 % linoleic acid + 
I % linolenic acid 
5.6 % Codliver oil + 2.8 % soyabean oil + 
1.6 % lecithin 
experiments. Stocking was done at the rate of ten 
juveniles per container. Feeding rate was 10-20 % 
of the total body weight, which was given in two 
doses viz. 0.25 in the morning at 9 hand 0.75 in 
the evening at 18 h. Leftover feed as well as faecal 
strands were separately collected daily by 
siphoning, dried in an electric oven and dry weight 
recorded for calculation of food conversion ratio 
(FCR) and protein efficiency ratio (PER). Proteins, 
lipids, carbo~ydrate, cholesterol, dry weight and 
wet weight of the juveniles, diets and faecal matter 
were detennined by standard methods l8 . 22. The 
results on survival, gain in length and weight, FCR, 
PER and post experimental proximate 
composition of the test species were subjected to 
statistical analysis. 
Results 
Survival - Diet contamll1g palmitic acid alone 
(diet 1) resulted in significantly (P < 0.05) low 
survival (Table 3). Inclusion of linoleic acid in 
diets 4 and 5 or linolenic acid in diets 2 and 3 
produced significantly better survival (Table 3). 
During first two weeks survival was around 90 % 
in all the treatments (diets 2 - 9). Mortality started 
at the end of third week and survival declined to 40 
to 55 % in all the treatments (Table 3). However, 
survival of prawn with the diet I having no linoleic 
or linolenic acid was comparatively less (70 %) 
during first two week and further decreased to 25 
% in fourth week. Survival was unifonnly very 
good with diet 10. 
Growth performance - Gain in length, wet 
weight, dry weight, FCR and PER (will be referred 
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as "growth performance" in the text) of prawn was 
significantly (P < 0.05) influenced by the diet fed 
to them (Fig.l A-L). Among all diets, diet I 
containing only palmitic acid as lipid source 
produced lowest growth performance. Of the two 
diets (diets 2 and 3) containing linolenic acid diet 3 
with 2 % linolenic acid produced significantly 
(P<0.05) higher growth performance than diet 2 
with I % linolenic acid. However inclusion of 1 % 
linoleic acid III the diet (diet 4) supported 
significantly (P < 0.05) higher growth than diet 5 
with 2 % linoleic acid. Inclusion of linolenic acid 
in the diets significantly (P < 0.05) enhanced 
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Table 3-)Wee!dy survival of juvenile prawns P.indicus fed 
on the various diets containing fatty acids. 
-. __ ~Survival of Juveniles ~%) 
Diet no. lSI Week 2nil Week 3'il Week 41h Week Final 
I 
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Fig. I-Results of the experiment in juvenile P.indicus fed on diets 1-10 containing different levels of fatty acids. A - % survival, 
13 - % gain in length, C - % gain in wet weight, D - % gain in dry weight, E - Food Conversion rati o, F - Protein efficiency ratio, 
G - % moisture, 11- % protein, I - % lipid, J - % carbohyd.rate, K - % cholesterol, L - % ash. 
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growth perfonnance when compared to linoleic 
acid. Among the four diets compounded with 
mixture of linoleic and linolenic acid (diets 6-9), 
diet 6 in which I % level of these fatty acids in the 
ratio of 0.5 : 0.5 supported superior growth 
perfonnance. Growth perfonnance with diet 10 
(control) compared better than the other diets. 
Pr~ximal "" c~ltp~sition ~ Juveni.le pr~l\'1ns. f, :d III 
the d~et dehcJent In unsaturated fatty aClu !ll1d 
relativeJy high moisture (Fig.l- ) and a b content 
Fig.I-K) but low protein Fig.1-H) lipid (Fig.l-J 
and cholesterol co tents (Fi.g.l-L . Indusion of 
linoleic and rnolenic Heid in the di tsal. 0 
relatively improved the protein and lipid retention 
in prawns in most of tteatments. No significant 
differences it the lipid content of prawns was 
found when fed on diets 2 to 9, containing vario s 
level of linolenic and [jnoleic acid. Protein and 
lipid contents of prawns were ignificantly higher 
and moisture and ash c ntent significantly lower in 
prawns fed on diet 10 ontrol). 
Discussion 
The poor growth performance of the prawns fed 
on diet 1 without either linolenic acid (18:3n-3) or 
linoleic acid (18:2n-6) indicates that the essentiality 
of these fatty acids for the prawn P. indicus. 
However, the superior growth perfonnance of the 
prawns fed on diets diets 2-9 containing either 
linolenic acid 18:3n-3) or linoJeic acid ( 18:2n-6) 
or mixture of l8:31'1-3 and 18:2n-6 indicate that 
these fatty acids a.re i dispensabJe for P. indiC'l/.~, 
The'results suggest that the prawn P.indicU11' rcquirs 
di . tary sources of both liflol~eic and Jjnol nie acids 
for nonnal growth, although activity of linoleic 
acid as required fatty acid appears to be inferior 
than that of linolenic acid. It has also been reported 
by feeding experiment that P. /aponiclls also have 
higher weight gain with diet containing linoleic 
acid (18:2n-6) and linolenic acid (18:3n-3) than 
with that of palmitic acid (l8:0) 47 9, and nutritive 
value of 18:3n-3 was superior than 18:2n-6. 
Experimental results further indicate that level 
of 2 % linolenic acid (diet 3), 1 % linoleic acid 
(diet 4) and 1 % mixture of lenolenic and linoleic 
acid in the ratio of 0.5 : 0.5 (diet 6) are optimum 
levels required for promoting better growth in 
juvenile P. indicus. Among all the diets, diet 6 with 
1 % mixture of linolenic acid and linoleic acid 
showed superior growth perfonnance as compared 
to all other diets. Data on FCR and PER and 
nutrient deposition in the body of P. indicus clearly 
indicates that mixture of Hnoleic and linolenic fatty 
acids are essential for the efficient utilization of the 
food and protein: This indicat~s that a mixture of 
linoleic acid ( 1 8;2n~6) and IinoJenic acid (18:10-3) 
could be more useful in the diet for promoting 
better growth ill prawn P. illdicu.s thanindividulll 
of these EFAs. Ne~ also suggest.ed that the ratio 
of tinoleni.c acid : linoleic acid (n-3 : n-6) is 
important in the diet of prawn indicating the 
importance o~ I'inoreic (n-6) along with linoJenic 
(n~3) fatty acid. Importance of linoliec acid (I8:2n~ 
6) along with linolenic acid (J 8:3n-3) wa. a1so 
reported by Col inll for P. lJ1dicus and Deshilllaru 
eJ a1 2" for P. japQniclJs. 
Thus these . results confinnand suggest that the 
p, indicll, requires dietary SOllrce of b 11 linolenic 
and linoleic fatty acid for normal growth and 
mixture f sources c ntajn'ng linolenic and linoleic 
fatty acid could be more useful for formula LOg 
superior diet fo promoting better growth in 
ju en iJe prawn P. indicu . 
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